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(57) Abstract 

A differential with a housing (2) made in one piece, which housing has in its wall two large side openings (10), is normally 
designed with only two pinion gears (12a, 12b) mounted on a pinion gear shaft (14). According to the invention, bearing parts (25, 
26) are positioned in the side openings (10) and form the bearing points (23. 24) for a second pinion gear shaft (15) -with a further 
two pinion gears (13a, 13b). 



BLB COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCTonthe frontpages of pamphlets publishing international appli- 
cations under the PCT. yy 



AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BG Bulgaria 

BJ Benin 

BR Brazil 

CF Centra] African Republic 

CG Congo 

CH Swiizerland 

CM Cameroon 

DE Germany, Federal Republic of 

DK Denmark 

H Finland 



FR 


France 


ML 


Mali 


GA 


Gabon 


MR 


Mauritania 


GB 


United Kingdom 


MW 


Malawi 


HU 


Hungary 


NL 


Netherlands 


rr 


Italy 


NO 


Norway 


jp 


Japan 


RO 


Romania 


KF 


Democratic People's Republic 


SD 


Sudan 




of Korea' 


SE 


Sweden 


KR 


Republic of Korea 


SN 


Senegal 


LI 


Liechtenstein 


SU 


Soviet Union 


LK 


Sri Lanka 


ID 


Chad 


LU 


Luxembourg 


TG 


Togo 


MC 


Monaco 


US 


United States of America 


MG 


Madagascar 







WO 89/10501 PCT/SE89/00231 



Differential with four pinion gears 

The invention relates to a differential gearing, especially for motor vehicles, 
in which a differential housing, made in one piece and provided with a 
4 crown wheel, has in its wall, on the one hand, two opposite side openings 
via which the pinion gears and side gears of the differential can be 
5 introduced into and removed from the differential housing, and, on the 
other hand, two opposite bearing points situated between the side 
openings and intended for a first pinion gear shaft provided with two 
pinion gears, in which respect the axis of the first pinion gear shaft is 
oriented at right angles to the axis of rotation of the differential housing. 

10 

Differentials of this type are often used in motor vehicles of the passenger 
car type, where the torque to be transmitted is fairly small. Designing the 
differential housing in one piece provides for a compact construction which 
requires little space and can be produced relatively inexpensively and 
15 simply. However, the disadvantage is that the torque transmission capacity 
is limited. 

When higher torques are to be transmitted, it is possible per se to increase 
the dimensions of the differential. However, for reasons of space this is 

2u often impossible or undesirable. A commonly used solution is to instead 
increase the number of pinion gears. Examples of such solutions are 
described in American Patent Specifications 3,593,959 and 3,974,717. In 
both cases use is made of four pinion gears which are supported by two 
pinion gear shafts assembled to form a cross, in which respect the 

25 differential housing is designed in such a way that four bearing points, 
designed in the form of holes, are accommodated in its wall for the four 
shaft ends of the cross. This therefore means that a specially designed 
differential housing hasto be used, whose wall is more continuous all 
round. This reduces the available space for the side openings via which the 

30 side gears and pinion gears can be introduced into and removed from the 
differential housing, and this makes assembly and disassembly of the 
differential more difficult. 

In order to facilitate the assembly and disassembly of differentials with four 
35 pinion gears, it is aiso known to design the differential housing in two Darts. 
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a e situated the p,n,on gear shafts assembled to form a cross. However, 
such a constructs is more complicated and expensive. 

diffe a r^«L ,he !r nti ° n istoelimina " *« disadvantages of the known 
d fferent,als and to provide a simple and. thus, inexpensive differential 
with tour pinion gears. 

According to the invention, this is achieved in a differential of the type 
mentioned a, the outset by virtue of the fact that also included in the 

olaJand f 15 " ZTt Pini ° n 9earShaft WWch i5 provided wrth *» Pi"'- 
which . 7! 6 beari " 9 P °' m * are arran 9 ad in **o bearing pans. 

tothe d.fferent,alhousingbymeansofguidemembersonthelatter. 

According to an advantageous design of such a differential, the guide 
members of the differential housing are made up of guide surfaces 
arranged at the edge of the side openings, in which respect the bearing 
parts are prov.ded with corresponding guide surfaces. It is particularly 

nalTuT th ' S f ° rthe 9Uide 5UrfaCeS to hava a S^^atrix 
para.el to the axis of the second differential gear shaft, and for the guide 

de^n a" th! TT' hOUSi " 9 * * ^ b > d ™ "roaching'such a 
to?inlU rea 3 3ntage that 3 diffara "tial housing of the standard 
type, intended fortwo pinion gears, can easily be modified by a simple 

mamrf rt n ' and '! tthe ^ tim6 ' neCeSSary extra "mponenU are simple to 
manufacture and to assemble. A further advantage is that the torque 
transm.ss.on capacity is improved without increasing the space 
requirements. 

The invention will be illustrated in greater detail below on the basis of an 
exemplary embodiment shown in the attached drawing, in which: . 

Fig. 1 shows a side view of a differential according to the invention, and 
F«g-2 shows a section along the line ll-ll in Fig. 1. 

A differential 1 according to the invenuon has a differential housino 2 
wh.ch ,s made in one oiece and ,s provided with a round flange 3 on" which a 
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crown wheel 4 is fixed by means of a number of bolts 5. The crown wheel 4 
is, in a conventional manner, in engagement with a drive pinion (not shown) 
mounted on a propeller shaft, by which means the crown wheel 4 can be 
rotated together with the differential housing 2 around the axis of rotation 
5 6 of the differential housing. Two output shafts 7 and 8 are rotatably 

mounted in a conventional manner on the differential housing 2 and can 
therefore be caused to rotate, if appropriate at different speeds. 

Given that the general construction of the differential is well known, for 
10 example from both American Patent Specifications 3,593,595 and 3,974,717 
mentioned in the introduction and also from a number of manuals, the 
following description deals only with those parts of the differential which 
are essential for an understanding of the invention. 

15 The differential housing 2 has, in its wall 9, two relatively large, opposite 

side openings 10, via which components, which are to be accommodated in 
the differential housing, can be introduced into and removed from the 
differential housing. This type of differential housing represents a standard 
type within, for example, the motor car industry. 

20 

The output shaft 8 is connected in a conventional manner, fixed in terms of 
rotation, to a side gear (1 1) mounted rotatably in the differential housing 2 
(see Fig. 2), and the latter is in turn in engagement with four pinion gears 
12a, 12b, 13a and 13b, which are rotatably mounted in pairs on a first pinion 

25 gear shaft 14 and a second pinion gear shaft 15, respectively. In a 

corresponding manner, a side gear (not shown), connected fixed in terms of 
rotation to the output shaft 7, is in engagement with the pinion gears 12a, 
12b, 13a and 13b. The first pinion gear shaft 14 is mounted in the 
differential housing 2 via two bearing points 16 and 17 designed as holes in 

30 the wall 9 of the housing. The axis 18 of the first pinion gear shaft 14 forms 
a right angle to the axis of rotation 6 of the differential housing and also 
forms a right angle to the axis 19 of the second pinion gear shaft. The first 
pinion gear shaft 14 is locked in the differential housing 2 by means of a 
locking device 20 in the form of a pin. 

35 

As regards the second pinion gear shaft 15, which has an enlarged centra! 
section 21 with a continuous hole 22 for the first pinion gear shaft 14, 
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bearrng points 23 and 24 are arranged in two bearing parts 25 and 26 
respectively, which are detachably fixed in each side opening 10 The' 
bearing points 23 and 24 here have the form of blind holes, in which the 
ends of the second pinion gear shaft 1 5 touch the bottom. The bearing 
> parts. 25 and 26 are each fixed in the axial direction on the second pinion 
gear shaft 1 5 by means of a fastening member 27 in the form of a bolt. 

At each side opening 10 the differential housing 2 is provided with guide 
members 28 and 29, which guide the associated bearing part 25 or 26. These 
gu.de members are advantageously made up of guide surfaces arranged at 
the edge of each respective side opening 10, which guide surfaces, in the 
exemplary embodiment shown, have a generatrix parallel to the axis 19 of 
the second pinion gear shaft 15 and are expediently produced by means of 
draw broaching. The bearing parts 25 and 26 are provided with 
corresponding guide members 30, 3 1 in the form of guide surfaces. 

In the exemplary embodiment shown, at each side opening 10 there are two 
gu,de members which are designed as curved surfaces and are situated 
oppos.te each other in the circumferential direction of the differential 
housing. However, it is of course possible to design and position the guide 
members otherwise, Just as it is possible to have another number of guide 
members. However, the design and positioning shown allows the guide 
members to be obtained by means of an extremely simple working 
operation, for example by draw broaching. Moreover, the illustrated 
pos,t.onmg of the guide members provides for an advantageous power 
transmission between the bearing parts and the differential housing. 

Irr order to achieve as even a contour as possible, it is expedient, as shown in 
the drawmg, for the outside of the bearing parts 25. 26 to be situated 
_ essentially level with the outside of the differential housing. The second 
P.n.on gear.shaft 1 5 is advantageously made in one piece, but it is also 
poss.ble to divide the shaft up into several parts, for example analogously to 
what ,s shown in the two previously mentioned American Patent 
Specifications 3,593,595 and 3,974,717. 

When assembling the differential shown, it is exoed.ent first to assemble 
the two side gears in the differential housing, after which the pinion gears 
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12a and 12b are expediently assembled, it being ensured that a liner 32 is 
put into position as a support for each pinion gear. Thereafter, the two 
pinion gear shafts 14 and 15 are assembled, then the pinion gears 13a and 
13b f and, finally, the two bearing parts 25 and 26, which are thereafter 
5 fixed. Disassembly takes place in the reverse order. 
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PATENT CLAIMS 

1. Differential, especially for motor vehicles, in which a differential housing 
(2), made in one piece and provided with a crown wheel, has in its wall (9), 
on the one hand, two opposite side openings (1 0) via which the pinion gears 
and side gears of the differential can be introduced into and removed from 
5 the differential housing, and, on the other hand, two opposite bearing 
points (16, 17) situated between the side openings (10) and intended for a 
first pinion gear shaft (14) provided with two pinion gears (12a, 12b), in 
which respect the axis (18) of the first pinion gear shaft (14) is oriented at 
right angles to the axis of rotation (6) of the differential housing, 
io characterized in that the differential also includes a second pinion gear 

shaft (15) which is provided with two pinion gears (13a, 13b) and for which 
the bearing points (23, 24) are arranged in two bearing parts (25, 26), which 
are each detachably fixed in the side openings and are guided relative to the 
differential housing by means of guide members (28, 29) on the latter. 
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2. Differential according to Claim 1, characterized in that the guide 
members (28, 29) of the differential housing are made up of guide surfaces 
arranged at the edge of the side openings (10), arid in thatthe bearing parts 
(25, 26) are provided with corresponding guide surfaces (30, 31). 

3. Differential according to Claim 2, characterized in thatthe guide surfaces 
(28 - 31) have a generatrix parallel to the axis (19) of the second pinion gear 
shaft(15), in which respect the guide surfaces (28, 29) of the differential 
housing are preferably formed by draw broaching. 

4. Differential according to Claim 2 or 3, characterized in that at each side 
opening (10) there are two guide surfaces (28, 29) which are situated 
opposite each other in the circumferential direction of the differentia I 
housing. 

5. Differential according to any one of Claims 1 -4, characterized in thatthe 
bearing parts (25, 26) are mounted axially displaceable on the second pinion 
gear shaft (15). 
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6. Differential according to Claim 5, characterized in that in each bearing 
part (25, 26) the bearing point (23, 24) forthe second pinion gear shaft (15) 
consists of a blind hole matching its one end at the bearing part, and in that 
the bearing parts are each connected to the second differential gear shaft 

5 via a fastening member (27). 

7. Differential according to any one of Claims 1 - 6, characterized in that the 
second pinion gearshaft (15) hasan enlarged central section (21) in which 
there is a hole (22) forthe first pinion gear shaft (14). 

10 

8. Differential according to Claim 7, characterized in that the second pinion 
gear shaft (15) is made in one piece. 

9. Differential according to any one of Claims 1 - 8, characterized in that the 
15 outside of the bearing parts (25, 26) is located essentially level with the 

outside of the differential housing (2). 
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